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I 
I 
I. Purpose of This  Research 
I 
T i e  purpose of t h i s  r e s e a r c h  is  t o  f i n d  new chemical  systems 
- 
which c a n  e x h i b i t  laser a c t i o n .  
pho tod i s soc ia t ion  have been s e l e c t e d  as t h e  most promising cand ida te s  
Metal compounds which c a n  und-ergo 
f o r  1 a ser a p p l i c a t i o n s .  The p r o j e c t  i nvo lves  t h e  spec t roscop ic  
* I  
I s tudy  ‘of s e l e c t e d  m e t a l  d e r i v a t i v e s ,  t h e  c h a r a c t e r i z a t i o n  of any 
chemical  changes which occur  on t h e i r  pho to lys i s ,  and t h e  
I 
performance of c a v i t y  experiments f o r  t h e  d e t e c t i o n  of laser a c t i o n .  
11. Research A c t i v i t i e s  Undertaken and Planned 
During t h i s  q u a r t e r l y  pe r iod ,  w e  have been engaged i n  s t u d i e s  
of t h e  emission spectrum of HgI i n  t h e  near  i n f r a r e d  and vacuum 
u l t r a v i o l e t  r eg ions  exc i t ed  by a microwave d i scha rge ,  of t h e  f luo rescence  
s p e c t r a  of HgI and i t s  fragments i n  t h e  v i s i b l e  and near i n f r a r e d  
and of t h e  e l e c t r o n i c  a b s o r p t i o n  s p e c t r a  of t h e  mercury h a l i d e s .  
2 
2 A .  Microwave E x c i t a t i o n  Experiments on HgI 
S ince  most p r a c t i c a l  lasers have been those  exc i ted  by e l e c t r o n  
impact, w e  have examined t h e  emission when HgI i s  sub jec t ed  t o  2 
a microwave d ischarge .  Most of t h e  e f f o r t  has  been devoted t o  
the r e g i o n  from 2000 A t o  1600 A us ing  a one m e t e r  vacuum 
u l t r a v i o l e t  monochromator equipped wi th  a p h o t o e l e c t r i c  d e t e c t i c n  
system. 
in s t rumen ta l  band width  of 1.0 A .  Numerous molecular bands and 
atomic l i n e s  w e r e  found. A s  expected, t h e  atomic l i n e s  could 
A 50 micron s l i t  width w a s  used, r e s u l t i n g  i n  a measured 
0 
a l l  b e  i d e n t i f i e d  wi th  w e l l  known l i n e s  of  i od ine  o r  mercury. 
. 
2 
The i n t e n s i t y  of t h e  molecular  bands is a s t r o n g  f u n c t i o n  of t h e  
p r e s s u r e  i n  t h e  d i scha rge  tube .  I n  a l l  cases t h e  molecular  
bands showed a d i s t i n c t  deg rada t ion  of r o t a t i o n a l  band heads 
t o  t h e  red  and appeared t o  b e  arranged i n  
p i- og res s ions .  I n  t h e  2170-2110 A reg ion ,  
I 
p b s i t i o n  w i t h  the most prominent bands i n  
I 
s imp1 e v i b r a  t i o  na 1 
t h e s e  bands a g r e e  i n  
t h e  H system of HgI 
r epor t ed  by Ramasastry and R a 0 . l  S ince  t h e  bands below 2110 A 
have t h e  s a m e  g e n e r a l  appearance as those  between 2170 and 2110 A 
(i.e. sha rp  and degraded t o  t h e  r ed ) ,  they  are probably HgI 
bands. 
Unfor tuna te ly ,  molecular  iod ine2 ,  3, i s  repor ted  t o  have 
many emission bands i n  t h i s  r e g i o n  and ~ n e r c u r y ~ ~ ~  has  a few. 
Blank experiments were c a r r i e d  o u t  i n  which I2 and Hg w e r e  
s e p a r a t e l y  subjec ted  t o  microwave d i scha rges  under experimental  
cond i t ions  as c l o s e  as p o s s i b l e  t o  those  used f o r  Hg12. 
molecular bands were found a t  t h e  s a m e  p l a c e s  from Hg and I as 2 
from HgI However, t h e  extreme s e n s i t i v i t y  of  t h e  bands t o  
experimental  cond i t ions  prevent  t h e s e  b lank  experiments from 
be ing  e n t i r e l y  conclus ive .  The I bands are reported2S3y4 t o  
b e  degraded t o  t h e  b l u e  in s t ead  of  t h e  r ed ,  which makes i t  s e e m  
No 
2: 
2 
v e r y  u n l i k e l y  that  I c a n  b e  r e s p o n s i b l e  f o r  t h e  bands w e  observe.  2 
During t h e  nex t  q u a r t e r l y  per iod,  w e  p l a n  t o  examine t h e  
s p e c t r a  produced by microwave d i scha rges  through vapors  of 
Zn12' CdI and Pb'I and r e l a t e d  MX2 metal h a l i d e s .  The r eason  2 2 
f o r  examining t h e s e  compounds i n  t h e  1600-2000 A r e g i o n  is 
two-fold. F i r s t ,  t h e  s p e c t r a  of ZnI, CdI and PbI  have not  been 
3 
repor t ed  i n  th i s  reg ion .  
t o  HgI, t h e i r  s p e c t r a  should a i d  i n  t h e  i n t e r p r e t a t i o n  of 
S ince  they  are  s o  c l o s e l y  r e l a t e d  
t h e  spectrum of HgI. 
ob ta ined  from any of t h e s e  compounds as we  have obta ined  
Secondly, i f  t h e  s a m e  bands should b e  
from Hg12, t hen  w e  w i l l  know t h a t  t h e  spectrum w e  have  
been observ ing  i s  no t  t h a t  of HgI b u t  some common product  
such as 1- o r  Hg On t h e  o t h e r  hand, f a i l u r e  t o  f i n d  t h e  
same bands can  be taken  as p r e t t y  conc lus ive  proof of the 
2 2' 
\ 
1 
c b r r e c t n e s s  of our  i d e n t i f i c a t i o n  of t h e  spectrum as due 
t o  HgI s i n c e  a wide v a r i e t y  of experimental  cond i t ions  w i l l  have 
been employed i n  examining t h e  spectra from the MX compounds. 2 
A pre l imina ry  survey of  t h e  emission spectrum from a microwave 
d i scha rge  through HgI i n  t h e  near i n f r a r e d  r e g i o n  from 1-2.7 
microns w a s  made us ing  a Block Engineering Model 200s In t e r f e romete r  
2 
Spectrometer equipped wi th  a PbS d e t e c t o r .  Numerous emission 
l i n e s  w e r e  found i n  t h i s  r eg ion ,  b u t  because of t h e  low 
-1 
* r e s o l u t i o n  of t h i s  ins t rument  (40 c m  maximum) i t  w a s  d i f f i c u l t  
t o  d i s t i n g u i s h  atomic l i n e s  from molecular  bands Furthermore,  
t h e  PbS d e t e c t o r  prevented examination of  t h e  3.2 micron r eg ion  
where t h e  2"ss -t 2n 
The Block ins t rument  w a s  used because i t  w a s  be ing  employed f o r  
t r a n s i t i o n  of HgI i s  expected t o  occur .  k 
t h e  Hg12 f luo rescence  experiments which w i l l  be  d iscussed  below, 
b u t  i t  i s  n o t  w e l l  s u i t e d  f o r  t he  microwave s p e c t r a .  Next 
q u a r t e r ,  t he  near  i n f r a r e d  spectrum w i l l  b e  examined us ing  a 
g r a t i n g  instrument  equipped wi th  a d e t e c t o r  s e n s i t i v e  t o  beyond 
3.2 microns.  
4 
2 B. Gas Phase Fluorescence Spec t ra  From HgI 
Terenin  and h i s  group5 had r epor t ed  t h a t  e i t h e r  
HgI 2 HgI* 4- .I 
hV o r  Hg12 + HgI + I* 
can  occur,  w i t h  h i g h  energy r a d i a t i o n  f avor ing  t h e  former 
-5 
process .  a Here I* w a s  presumed t o  be  t h e  2Pl s ta te  of t h e  
i o d i n e  atom a l though t h e r e  w a s  no d i r e c t  experimental  evidence f o r  
\ 
2 
t h is. The assignment w a s  made s o l e l y  by analogy w i t h  d ia tomic  
metal h a l i d e s .  If t h e  P, s ta te  of t he  i o d i n e  atom is  indeed 
produced as  pos tu l a t ed  by Terenin,  then  t h e r e  should be  RO 
problem i n  ach iev ing  laser a c t i o n  a t  1.315 microns due t o  t h e  
-5 
2 i nve r s ion  of  popula t ion  between t h e  2Pl and P states of 
d i s s o c i a t e d  atomic iod ine ,  as i n  the case of CF I. 
-5 3 
3 
During t h i s  q u a r t e r  w e  f i r s t  checked t h e  r e s u l t  of Terenin  
t h a t  i l l u m i n a t i o n  of HgI 
no f lu roescence  from HgI i n  t h e  v i s i b l e  reg ion .  The f luo rescence  
appa ra tus  desc r ibed  i n  P rogres s  Report  #2 w a s  used wi th  t h e  
i n  i t s  2660 A abso rp t ion  band produces 2 
modi f i ca t ion  t h a t  t h e  Ja r r e l l -Ash  8200 scanning monochromator 
w a s  rep laced  by a s m a l l  Bausch and Lomb monochromator. We 
found no v i s i b l e  f luo rescence  i n  agreement wi th  Terenin’s  r e s u l t s .  
We next looked a t  t h e  1.3 micron r e g i o n  us ing  a PbS c e l l  
hooked t o  a lock- in  a m p l i f i e r  as our d e t e c t i o n  system. No 
f luo rescence  could  be  de t ec t ed  i n  t h e  i n i t i a l  experiments ,  
While e f f o r t s  w e r e  underway t o  opt imize  t h e  s e n s i t i v i t y  of t h e  
appara tus ,  a Block Engineering Model 200s In t e r f e romete r  . 
5 
Spe t rometer  became a v a i l a b l e  f o r  use.  S ince  t h i s  i s  a n  extremely 
s e n ,  1 i t i v e  ins t rument ,  w e  immediately s u b s t i t u t e d  i t  as t h e  ana lyz ing  
I 
u n i t ,  No iod ine  atom emission w a s  ob ta ined ,  However, t h e s e  
/ 
i n i t i a l  experiments were q u i t e  crude. Minor improvements i n  t h e  
arrangement of t h e  appa ra tus  us ing  t h e  In t e r f e romete r  t o  b e t t e r  
advantage should r e s u l t  i n  a n  i n c r e a s e  i n  s e n s i t i v i t y  of  several 
o r d e r s  of magnitude. During t h e  next  q u a r t e r ,  a f t e r  t h e s e  changes 
are  made, t h e  s e n s i t i v i t y  of t h e  whole appa ra tus  w i l l  b e  c a l i b r a t e d .  
I n  a d d i t i o n ,  e x c i t a t i o n  of HgI i n  i t s  s h o r t e r  wavelength bands 2 
w i l l  be  t r i e d  and t h e  near i n f r a r e d  emission s p e c t r a  examined. 
2 C.  G a s  Phase Absorpt ion Spec t ra  of HgI and HgBr 2 
S p e c t r a l  s t u d i e s  of t h e  m e t a l  h a l i d e s  were undertaken t o  a i d  
i n  understanding t h e i r  e l e c t r o n i c  s t r u c t u r e  and hence i n d i r e c t l y  i n  
eva lua t ing  t h e i r  laser p o t e n t i a l .  The vacuum u l t r a v i o l e t  
a b s o r p t i o n  spectrum of HgI 
and t h a t  of HgBr 
t h a t  t i m e  were i n  t h e  form of s t r i p  c h a r t  r eco rds  of I and I 
as a f u n c t i o n  of t h e  coun te r .  r ead ing  of t h e  monochromator. 
w a s  r epor t ed  i n  Progress  Report  # 4 ,  2 
i n  Progress  Report  #5. The d a t a  obta ined  a t  2 
0 
Since  t h a t  time, t h e  relative l i g h t  i n t e n s i t i e s  I and I 
0 
0 
have been read  from t h e  r eco rde r  c h a r t s  at intervals of 0.2 - 0.3 A 
us ing  a d i g i t a l  cu rve  r e a d e r  and placed on punched c a r d s .  
a b s o r p t i o n  c o e f f i c i e n t  k, i n  cm-', w a s  t hen  c a l c u l a t e d  a t  each 
wavelength from t h e  u s u a l  express ion  
The 
IO 
I n  - 1 760 T .R P 273 I 
k = -  -- 
6 
Appropr ia te  c o r r e c t i o n s  w e r e  made i n  t h e  c a l c u l a t i o n  of k f o r  
t h e  s m a l l  s c a t t e r e d  l i g h t  level (less than  5%). Wavelengths were 
determined by f i t t i n g  t h e  l o c a t i o n s  of known emission l i n e s  t o  
1. 
i. 
a t r a i g h t  l i n e  us ing  the method of least squa res .  Wavelengths 
w e  lir e converted i n t o  wavenumbers and t h e  a b s o r p t i o n  c o e f f i c i e n t  
i 
k ;versus wavenumber w a s  p l o t t e d  au tomat i ca l ly .  
2 
I , 
These computer p l o t s  of t h e  Hg12 and HgBr s p e c t r a  became 
a v a i l a b l e  dur ing  t h i s  q u a r t e r l y  pe r iod  and have been sub jec t ed  
to a pre l iminary  a n a l y s i s .  Table  I l ists  the o s c i l l a t o r  s t r e n g t h s ,  
f ,  and t h e  p o s i t i o n s  of t h e  band m a x i m a  f o r  mercuric  i o d i d e  and 
mercuric  bromide. The o s c i l l a t o r  s t r e n g t h s  are only approximate 
because t h e  mercuric h a l i d e  p re s su res  w e r e  assumed t o  b e  t h e  
equ i l ib r ium vapor p r e s s u r e  and i t  w a s  d i f f i c u l t  t o  b e  s u r e  t h a t  
t h e  tempera ture  measured w a s  a t  t h e  c o l d e s t  r e g i o n  of t h e  ce l l .  
The d i f f u s e  v i b r a t i o n a l  s t r u c t u r e  on t h e  2080 A band and t h e  
comparat ively sha rp  s t r u c t u r e  on  the 1800 A band of Hg12 and t h e  
0 
0 
1830 
Wehrli7 h a s  made a c a r e f u l  s tudy  of t h e  s t r u c t u r e  on  t h e  2080 
band of HgBr2 had been observed p rev ious ly  by Wieland.6 
0 0 
band of Hg12, t h e  1830 A band of HgBr2, and t h e  1690 A band of 
HgC12. 
of a l l  t h r e e  bands.  
H e  has  made a n  e s s e n t i a l l y  .complete v i b r a t i o n a l  a n a l y s i s  
H i s  band m a x i m a  and v i b r a t i o n a l  a s s i g m e n t s  
0 0 
f o r  the 2080 A band of HgIz and t h e  1830 A band of HgBr2 are 
shown i n  Tables  I1 and 111. Our r e s u l t s  a g r e e  w i t h  those  of 
Wehrli  w i t h i n '  t h e  experimental. e r r o r  of l o c a t i n g  t h e  maxima 
of d i f f u s e  bands and o u r  lower r e s o l u t i o n .  
7 
Band 
(i) 
2660 
2240 
2080 
19  20 
1800 
1740 
Band 
_.3> 
2260 
1990 
1830 
1750 
TABLE 
'max 
(cm-1) 
37,600 
44,590 
48,026 
51,927 
55,600 
57,520 
V max 
(cm-1) 
44,000 
50,312 
54,500 
57,028 
I .  O s c i l l a t o r  S t r eng ths  and P o s i t i o n s  
o f  Mercuric Ha l ide  Band Maxima 
k max 
(cm-1) 
64 
160 
80 
90 
7,000 
20,000 
k max 
(cm-1) 
210 
550 
400 
68 
AV$ 
(cm-l)  
5,900 
2,500 
800 
1,300 
400 
3,400 
f 
0.01 
0.02 
0.003 
0.005 
0.02 
0.3 
2 HgBr 
3,000 0.03 
3,500 0.08 
550 0.01 
400 0.001 
V i b r a t i o n a l  E l e c t r o n i c  
S t r u c t u r e  Assignment 
None 
Very D i f f u s e  
D i f f u s e  
No ne 
Comparatively 
Sharp 
Probably 
None 
c+ 
U 
c+ (?) 
U 
V i b r a t i o n a l  E l e c t r o n i c  
S t r u c t u r e  Assignment 
No ne 
Poss ib ly  Very 
D i f f u s e  
Comparatively 
Sharp 
D i f f u s e  
6+ u: 
c+ (?) 
U 
TABLE 11, 
41,860 
42,180 
4 2,400 
42,550 
42,620 
42,750 
42 ,840  
42,960 
43 ,060  
43,140 
43,220 
43,300 
43,380 
V i b r a t i o n a l  Maxima on HgIz Bands 
0 
2240 A B a n d  
Av 
(cm-1) 
2 20 
2 20 
150 
7 o  1220 
130 
90 
} 220 
120 
100 }220 
80  
8 0  
8 0  
80  
V 
( c m - l )  
43,460 
43,540 
43,620 
43,700 
43,780 
43,860 
43,940 
44,020 
44,100 
44,180 
44 ,260  
Av . 
(cm-1)  
80  
80  
8 0  
80 
80 
80 
80  
80  
80  
80 
80  
44,340 80  
44,420 
2080 Band" 
V Quantum Number V Quantum Number 
S as S v'l as S a s  
$ 9  
s 6 a s  (cm-1) v1 VlE; v'  (cm- l )  v'  vk v'  
47,414 000 300 47,921 0 20 000 
47,529 000 210 48,006 100 000 
47 ,572  000 200 48,045 120 000 
47,615 0 20 200 48,133 20 0 000 
47 ,672  000 11 0 48 ,161  300 020 
47,733 000 100 48,224 300 010 
47,793 000 0 20 48,266 300 000 
47,882 000 000 48,378 400 000 
200 300 
( a )  T a k e n  f rom M. Wehrli, Helv. P h y s .  A c t a ,  11, 339 ( 1 9 3 8 ) .  
9 
TABLE 11. Vibra t iona l  Maxima on Hg1 Bands (continued) 2 
0 
1800-1740 A Bands 
55,220 160 
55,380 160 
55,540 140 
55,680 100 
55,780 2 20 
56,000 
V 
(crn-') 
56,140 
56,280 
56,430 
56,570 
56,700 
56,840 
Av . 
(cm-1) 
14 0 
140 
150 
140 
130 
140 
1 0  
I 
TABLE 111. Vibra t iona l  Maxima on HgBr Bands 2 
1830 Banda 
cQuantum Number ' V Quantum Number V 
S as 
(cm"') v' v '  v1 s 6 as 
\ 53,711 
53,769 1 
53,865 i 
53,905 
53,937 
53,972 
54,010 
54,089 
54,159 
54,192 
54,236 
54,315 
000 
000 
000 
0 40 
100 
200 
000 
010 
000 
100 
000 
0 20 
000 
310 
300 
2 20 
300 
310 
400 
20 0 
200 
120 
200 
100 
100 
0 20 
54,416 
54,466 
54,603 
54,630 
54,681 
54,714 
54,792 
54,837 
54,933 
54,978 
55,005 
55,151 
000 
0 20 
100 
1 3  0 
20 0 
21 0 
20 0 
2 20 
400 
300 
330 
400 
(a)  Taken f r o m  M .  Wehrli,  Helv. Phys.  A c t a , l l ,  339 ( 1 9 3 8 ) .  
0 
1750  A Band 
V 
(cm-l) 
Av 
(cm-1) 
-56,250 -130 
56,380 120 
56,500 100 
56,600 100 
56,700 120  
56,820 110 
000 - 
000 
000 
110 
0 20 
0 20 
000 
000 
100 
000 
010 
000 
56,930 
57,080 1 5 0 ,  160 
57,240 160 
57,400 150  
57,550 160 
57,710 
11 
2' 
I n t e r e s t i n g l y  enough, 
Wieland6 r epor t ed  s t r u c t u r e  o n  the 1800 ;; band of HgI 
I !  
which w e  a l s o  o b t a i n  (see Table  11). 
Wehrli  d i d  no t  s tudy  t h i s  band, and no v i b r a t i o n a l  a s s igmien t s  
have been made f o r  i t .  
$50 i n  t h e  spectrum of HgBr b u t  a t t r i b u t e d  i t  t o  i m p u r i t i e s .  
Wieland6 found a very  weak band a t  
2' 
I 0 
Our s p e c t r a  of HgBr show a band a t  1750 A which has  d i f f u s e  2 I 
v k b r a t i o n a l  s t r u c t u r e  on  i t  (see Table  111). 
be obvious from Tables  I1 and 111, mercuric  i o d i d e ' s  1800 A 
band and mercur ic  bromide's 1750 A band bo th  look  very  similar 
t o  t h e  1830 A band of HgBr2. No  d e t a i l e d  a n a l y s i s  of t h e s e  two 
bands has  y e t  been at tempted,  b u t  t h e  s a m e  p a t t e r n  found by 
Wehrli  f o r  t h e  1830 A band of HgBr2 does seem t o  f i t  them as 
w e l l .  
Although it may not  
0 
0 
0 
0 
On t h e  b a s i s  of Wehrl i ' s  v i b r a t i o n a l  a n a l y s i s ,  Sponer and 
0 0 0 
Teller'  have ass igned  t h e  1690 A, 1830 A, and 2080 A a b s o r p t i o n  
bands of HgC12, HgBr2, and Hg12 t o  1' f 1' t r a n s i t i o n s .  
u g  
I f  ou r  pre l iminary  v i b r a t i o n a l  ass ignments  are c o r r e c t ,  then  
t h e  1800 A band of  Hg12 and t h e  1750 A band of HgBr2 c a n  a l s o  
0 0 
b e  a s s igned  t o  1+ f 1' t r a n s i t i o n s .  Such t r a n s i t i o n s  are 
u g  
allowed i n  l i n e a r  molecules,  and i t  i s  somewhat s u r p r i s i n g  t o  
f i n d  o s c i l l a t o r  s t r e n g t h s  as s m a l l  as 0.003 f o r  t h e  2080 A band 
0 
0 
of Hg12 and 0.001 f o r  t h e  1750 A band of HgBr2. 
o s c i l l a t o r  s t r e n g t h s  of 0.02 f o r  t h e  1800 A band of Hg12 and 
0.01 f o r  t h e  1830 A band of  HgBr2 are s m a l l  f o r  allowed 
t r a n s i t i o n s .  
Even t h e  
0 
0 
. 
1 2  
/The  ve ry  d i f f u s e  v i b r a t i o n a l  s t r u c t u r e  on the 2240 
band of HgI 
A s  Table  I1 shows, t h i s  s t r u c t u r e  seems t o  c o n s i s t  most ly  of  
a , p r o g r e s s i o n  i n  80 c m  . Since  t h e  ground s ta te  f r equenc ie s  
has no t  prev ious ly  been r epor t ed  i n  t h e  l i t e r a t u r e ,  2 
r 
-1 
-1 
f o r  the bending mode and 235 cm-' f o r  t h e  asymmetric 
4 H-gI are repor t ed  t o  b e  156 c m  f o r  t h e  symmetric s t r e t c h ,  2 
OI -1 
33 cm 
skretch,7,8 
I 
1 
a n  80 cm-' v i b r a t i o n  i n  a n  upper s ta te  i s  hard t o  
unders tand .  Any a t t empt  t o  make a v i b r a t i o n a l  assignment must 
a w a i t  a c a r e f u l  s tudy  of t h e  e f f e c t  of temperature  on t h e  
i n t e n s i t i e s  of t h e s e  bands. 
13 
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